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n P THE INVENTION generally to apparatus 

a„a methods for U,« , to apP «atu» 

>lgM l applications, ana . MP integrity o£ 

ana .ethoas tor P raUroad ana transrt 

in wayside signals 
LEDs i n w J 

applications. 

- - r— ... - 

signal aspe information on an 

For example, mro 

vehicle. 



, tta ck condition, ahead may be displayed, 
speeds and track through 

including whether a swatch J * ^ ^ slgnal 

or diverting movement incand escent light 

a s P ects have heen * ^ used ln „ a yside 

bulbs . More recently, inca „descent bulbs 

The benefits of LEDs over inoande 
1^11 visibility, higher reliability and lower 

7o;:r nS ™C n ver, interfacing such .0 

■ the field has raised many ma,or rssnes. 
egcfpment rn the ^ ^ „ ital Eelay - 

„ ay side "goals re , 3 ystems. 

ba sed « " are typicall y located in an 

Both rypes of 3 ste ^ ^ ^ and that 

enclosure that is remo avallab le from a variety 

contains control logic that as ^ 

These two types ui j 
of manufacturers. eristics that vary 

• .arface characteristics 
different interra processor-based systems, 

substantial!, within the -rrous process ^ 

fKo interfacing issue 
[0004) Part of the ^ £ . lament 

— " " " till thale terms originated with 

CheCki " 9 ' t bulbs the underlying concepts apply egually 
incandescent bulbs, , mpliaa that 

uaU to LED signals approp riate input, 
visible light is berng emrtted ^ 

typically a voltage L but it can also 

Filament checking as a safety 

pE ovide operational advantages. ^ 

[0005) „ «dark» input vo ltage is 

any light even a bE oken filament 

applied. *« inCandeS f Ce £ailure A dark aspect that 

„ire is the likely cause of far! • tia l of 



2 



has two signal aspects governing 

s witch machine typ^ly J« _ ^ Red , 

m ovement across it ^ ^.^ ^ aligned 

"ll°w or Green light. ^ ^ and 

reverse £ or a merging move, * p^ ^ 

the hottom aspect rs ^ • ^ ^ t he 

that he must he travel g ^ 

reverse switch. However, rf the ^ a 

the engineer would only ^ ^ engineer that he can 

This indicates to the eny 
distance. This i omissible to traverse 

the switch « ^ Jroad rules cover operation for 

"use »" aCC : de " Howevet , environmental conditions .ay 
«dar*» signais ^ that th9 signal 

prevent the engrneer fro ^ ^ q£ ^ 

i. dar* until it » «° " Admi „istration <F*»> 

The Federal Kaiu-^^ 
rocomotrve. The ^ sa£ety _ crltl cal 

has issued a specrfrc rule Thi3 

opp Rule 236. 23 in UJ - 
operations. See, wayside 

Handled by control logic 
situation is handled y ^ cont rol logic 

systems that energize the^ ^ modifies the 

determines if the sign. * ^ aspect than would 

displayed aspect to a ^ lQgic 

normally be seen. req uiring the train 

change the hotter aspect-^ ^ ^ ^ ^ 

to stop at the switch. ^ advan tage to 

operational advantage as « di5 played. 
verify that the aspects are he , ^ ^ 

F reguently, " less permissive, aspect to 

Urinated " ^ nd proce ed, or an ahsolute 

be displayed avord ng ' rt * aspect „ as net heing 

stop . For example, 9 aspect 

rt „ 1r a be downgraded ^ 
displayed, xt could aithough at a 

ailowing continued movement of 
lower speed. 



Cold filament checking is similar, but a 
[0006] Cold illumi nated. This 

che ck is done when the aspect i no ^ faiiure ^ 

pr ovldes advance * ^J^ r .« in advance, 

that the preceding aspect can be 

Zs preventing a sudden ^^7^1* 

— nith r;:r;:: c «- - - - 

ac ee P ted t« »» <~« ught is belng emitted. 

indication that no as when a 

this is not true, 
There are instances that ^ sufficiently 

bulb socket is corroded. Such - ^ ^ 

ta re that they do not pose a sr. ^ ^ 

is not necessarily tne 
However, this is no neC essarily be emitting 

signals. rlr.t, -OS .ay n t nece . ^ 

" T^tl^tr^ P-ection diodes as part 
LE0 » « protection diod es Have the 

o£ the LED. These alloui ng current to flow, 

which bypasses the light g relia bility of 

It -s been -^^d ^ chec , whe ther 
LEDS is so ; h3t t r h e er h e a ; e S also be en some suggestions 

any LED is "dark . There asse mblies 

ffort . ive to simply replace 
that it rs •««*"• o£ veri f y ing light 

every few years instead . actarer . s mean time 

Hcwever, the published or ^ and 
betue en failure (MTBF) data are based P^ ^ ^ 
neglect manufacturing a« > - due „ the 

connections, production """^^ due to ligh tning. 
environment, such as ^ the safety of 

Reliance upon MTBF data al ^ devaluated 

using 1BDS in wayside signals «y « ^ 
each time f-t the !» -™ I ^:; n : £ P conc ern is that, 
technology changes . generally have 

unlike incandescent bulb ^ ^ . 

electronic components in the 



-i thp individual 

even though no light is being overall 

base d system ™ these hot ana ~£ 

in euhstantially continuoas current when 

the aspeot rs H aspect ls no t 

and a second continuous velue ^ ^ 

Urinated ,or when the current rs 1 

• 4-4- bv the incandescent bulb, 
light is emitted by tn requ ires that 

t.\ The first current value l h 

filament test) . minimum current 

LED replacement signals draw at least 

vw an incandescent bulb when 
value drawn by i relay _ based system must 

Likewise, replacement LEDs illumin ated, 

• • ™ „ a iue of current wnen 
draw a minimum value o t do es not 

« that this minimum current 
while making sure that tn 

allow » U,ht to he gyrated - the ^ 

c;r>TTie processor-oasea jt 
[0010] Some p . t many others use 

, f .v. relay-based systems, but many 
similarly to the relay ^ ^ head to 

a brief output pulse of ful P ^ pulse 

^ pnrrpnt is being drawn, 
verify that current milliseoonds , and occurs 

i= usually only ^ o£ ^ uidth is 
approximately once pe, bulb to re spond to, 

not long enough for brigh tness for a 

bu t can easily turn on an t ^ q£ 

, This brief riasn ^ 

f " » illlSe =° ndS ;. * fce inte rpreted as a signal aspect 

sufficient duratron to * \ » den se fog, 
unde r normal viewing condrtxons . 
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snowstorms or rainstorms could easily allow such a flash 
to be erroneously interpreted as a continuous aspect. 
[0011] A wayside signal is a safety-critical device 

since any failure may directly result in an accident, 
causing property damage or loss of life. Such systems 
are therefore designed in accordance with fail-safe or 
vital principles. Industry accepted practices define 

design and analysis techniques for determining that a 
circuit or system is vital (fail-safe), such as: American 
Railway Engineering an Maintenance of Way Association 
(AREMA), Manual of Communications and Signals, Manual 
Part 7 1 5 "Recommended Design Criteria and 
Functional/Operating Guidelines for an LED Light Unit 
Used in Wayside Applications" and Manual Part 17.3.1 
"Recommended Safety Assurance Program for 

Electronic/Software Based Products Used in Vital Signal 
Applications." 

[00 121 Where the description contained herein refers 

to vital or fail-safe design, this implies that the 
design is done in accordance with generally accepted 
industry standards, including those in the AREMA Manual. 

[0013] Accordingly, it is a general object of the 

present invention to provide a new and improved LED 

signal lamp system that can replace a prior incandescent 

lamp system. _ . 

[0014] mother object of the present invention is to 

provide a LED signal ia m p that verifies that the LE D s are 
funotional, suoh as with oo m parisons to a Known diode 
voltage-current characteristic. 

[0015] Yet another object of the present invention 

is to provide a LED signal lamp with a separate current 
source for each LED and means of monitoring the amount of 
current supplied by the current sources. 
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[0016] A further object of the present invention is 

to provide a LED signal lamp in which the amount of 
current supplied to the LEDs is controlled by pulse-width 
modulation techniques. 

[0017] A still further object of the present 

invention is to provide a LED signal lamp with means to 
determine the junction temperature of the LEDs and to 
modify the current supplied to the LEDs in accordance 
with the junction temperature determinations. 
[0018] Another object of the present invention is to 

provide methods for operating, controlling and testing 
LEDs in a signaling system, including determining the 
operational status thereof. 

BRIEF_SUM^^ directed to apparatus and 

[00 19] This invention is directea co d FP 

methods for using LEDs in signal applications. Current 
to the LEDs is controlled by various techniques. The 
operational status of the LEDs is also monitored by 
various techniques. 

[0020] The circuitry for the LED signal includes a 

plurality of LEDs and a plurality of current sources for 
supplying current to the LEDs, with a separate current 
source for each LED. A plurality of resistors is 

interposed between the current sources and the LEDs, and 
in S eries therewith. Analog-to-digital converters 

monitor the voltage potentials at each of the plurality 
of resistors and at each of the plurality of LEDs and 
provide digital representations of the voltage potentials 
to a data processor. 

10021] The data processor uses the voltage 

reformation from the resistors and LEDs to determine the 
amount o£ current suppiied to each LEO and to determine 
the junction temperature of the LEDs. The data 
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data bus to communicate with the current 

:r «. - rr r— ::::::: 

, ofprence potential at a y 
and . hno.n -c temperature coe££icient Ior 

temperature Us J temper ature is determined 

th e LEDs , the current , ^ ^ Qperational 

™ processor also ^ ^ 

integrity of - ^ = ^ levels , and comparing 
so urce throat differe ^ voitage . current 

the resultant potentials conducts 

• n„ The data processor also r p 
characteristic. Me »" the plurality of 

. - oh, controlling r 
th ese tests by e £ests do not appreciably 

-rent sources such that t ^ ^ ^ 

change or degrade the ^ th< 

te r at ~ "liir- — — *■ 
100221 Rn - l p~ — the 

energy for operation t ^ poss ible 

a bsence of normal power input ^ ^ 

a capacitor may oe 
implementation, a C P mlcr oprocessor . » a 

sufficient energy to operate ^ ^ ^ as 

second possible implemen ^ ^ 3u££ici ent 

the energy storage device. fce 
tc operate the microprocessor and * ^ ^ 

Illuminated unless the proper npu P^ ^ ^ 

ioad circuit is controlled by & ^ 

emulate the load drawn by an q£ the da ta 

disconnect, also operating , un ^ ^ ^ 

processor, can disconnect the y ^ q£ 

circuit similar to what would be se pulse .„ idt h 
an incandescent bulb were to ope . 



derating under contra! from the data 

modulator, operating „„,.,.-, o£ the amount of 
pressor, may provide further oontrol 

power aupplied to the current sources ^ 

n ... rirn. - ..«- - - 



disclosed. 



mtL^mSS^^P^: pr esent invention which 
tsaSi The features ^ patt icuiarity 

are believed to he novei „ ±th th . 

ln th e appended claims . J* ^ ^ fae 

further objects and £oUo „ing description 

understood by reference accompanying d rawings, in 

Tzr:rz:r^ — — — 

lik e elemen ts and in le represe ntation of a 

100251 de (LED) Of the AilnGaP type; 

Ught emitting diode represent ation of an 

10026! FIG. IB is back . to -bac k Zener diode 

LED o£ tne InGaH type with back 

protection; ^ voltage versu5 current 

10027] FIG - 

t° 0281 FIG. plu rality of LEDs in 

system for monitoring and testing 

a "ilroad or transit Qf repre sentative 

100291 bv I' microprocessor in the electrical 

tests conducted by a mic 

schematic of FIG. 3; and ^ ^ ^ repre sentative 

[00301 FIG. 5 xs LEDs in a wayside 

steps for monitor rng and test g 
signal in accordance wrth the p 
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DESCHSm^ffi^M£^» stand the present 

155517 led technology and the 

invention, an appreciation LED 

^ . „ of the different types or 

rr- - .~ * rjr « r:r ;t:r 

. o-u rpsultinq holes. J- ne 

recomhine with the , ^ material 

release energ ^ ^ ^ level5 

composition o£ LEDs he visib le 

that correspond to particular regions 

light spectrum. mat erial produces 

[0032) For example, an M ^ 

i-h. red vellou and orange reyj. 
light in the red, V to 700 

spectrum, i.e., wavelengths m the range 

». an inGa* material produces light in «*- ^ 

of the spectrum, i.e., wave * 

and cyan rr! 0 nm The — t - 

the range of 400 to de can vary to some 

the light emitted by a partxcu variations in the 

, pnt and wavelength depends upon variatio 
extent/ and aDP iied forward current and 

manuf acturing process, _ ^ ^ 

junction temperature. , nrting the LEDs according 

by the manufacturer hinning or -""^ ^ and 

r„„:r^" g :a;ia b le S must he controlled h y the 

— - * ^^rTerr^' -ends 
[0033! The Physical structure structure o£ 

upon the material used for the die ^ Th ^ 
the MXnCaP LED, generallv designate - i^^ ^ ^ ^ 

loet . it consxsts or a 

the srmplest. ^ soldered to a 

The substrate is in turn 
SUbStratS - pr wire bonds are soldered or bonded 

metallization layer. ^ 
to the metallization layer and to the top 
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[00341 The structure o£ the XnGaH device, generally 

LOU J* J nl . r - pd Because 

designated 22 in FIG. IB, is mere complicated. 
th e mGa* meterial is inherently -re susceptible to 
el ectrostatic discharge (E SD, than AlfnGaP *' 
structure inciudes hact-to-bae* Zener diodes « - " 

poller -ith the DED 2, to prevent dama to th 
unction of the LED from static discharge. In order 

ohtain high light extraction efficiency, a fl P c P 

arrangement is used. The eguivaleht crrcurts of 

structures are shown in FIGS. 1A and IB. 

strucru replacement for 

100351 TSs 7t - -ant to understand 

incandescent light bulbs ^ ^ 

the failure modes of ^ afcove oan be 

of the two types of structures 

ca tegorired as follow^ ^ ^ ^ ^ diode _ 

2 Failures of connections to the die. 

3 For InGaN devices only, failure of the 
back _to-bac k Zener diodes on the suhmount 

[00361 The following table consrders these 

™ the operation of typical LEDs, sucn 
and their ef ect on op _ ^ 

as LEDS 20 and 22. ^ ^ ^ ^ 

anelyred. However, the Zener hlgh - v oltage 

, ■ =. 22 are intended to handle hign v 
rl^r discharges. « the energy level of these 
discharges is high enough, hoth ~ ^ 
could farl simultaneous rem a . , ^ ^ 

oomhrna rcn f a lure^ ^ ^ _ ^ ^ 

rr'and 1 — energy remains tc damage - Ught 
emitting diode die immediately afterward. Thrs typ 
Tilure is also considered in the table below, as well 
numerous other failure modes. 



[0037] 
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Junction 
partially fused 



(InGaN 
Only) 
Upper Zener 
diode (26 
in FIG. IB) 

(InGaN 
Only) 

Upper Zener 
diode (26 
in FIG. IB) 



Short 



Device has V-I curve 
characteristic of a 
resistor in parallel with 
a diode junction. Light 
output reduced, possible 
to zero. ^ 
^^^7 diode hogs 
current from LED because 
of its lower forward 
voltage drop. Light 
output reduced, possible 
to zero 



Open or high 
resistance 
Zener voltage 
increases . 



ESD protection is reduced 
or absent. Increased 
likelihood that unit may 
be damaged by handling 
prior to installation on 
circuit board, or by 
mishandling of circuit 

board after the device xs 

installed. 
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Component 


Failure Mode(s) 


Predicted Effect (s) of 
Failure 


(InGaN 
Only) 

Upper Zener 
diode (26 
in FIG. IB) 


Low resistance 
but not a short. 

Zener voltage 
decreases below 
forward voltage 
drop of LED. 


Some current will be 
diverted from LED through 
the lower Zener diode. 
Reduced light output. V- 
I characteristic of LED 
is skewed by series 
combination of resistance 
and forward diode 
junction in parallel with 
LED junction. 


(InGaN 
Only) 

Lower Zener 
diode (28 
in FIG. IB) 


Open or high 
resistance . 

Short, or low 
resistance 

Zener voltage 
increases . 


ESD protection is 
reduced. Increased 
likelihood that unit may 
be damaged by handling 
prior to installation on 
circuit board, or by 
mishandling of circuit 
board after the device is 
installed . 


(InGaN 
Only) 

Lower Zener 
diode (28 
in FIG. IB) 


Zener voltage 
decreases . 


No effect. 


(InGaN 
Only) 

Upper and 
lower Zener 
diodes (26 
and 2 8 in 
FIG. IB) 


Both diodes fail 
simultaneously 
shorted or low 
resistance . 


Some or all current will 
be diverted from the LED 
through the failed Zener 
diodes. Reduced light 
output. V-I 

characteristic of LED is 
skewed by series 
combination of failed 
Zener diodes in parallel 
with LED junction. 


(InGaN 
Only) 

Upper and 
lower Zener 
diodes (26 
and 2 8 in 
FIG. IB) 


All other 
combinations of 
simultaneous 
failures of both 
Zener diodes. 


ESD protection is 
reduced. Increased 
likelihood that unit may 
be damaged by handling 
prior to installation on 
circuit board, or by 
mishandling of circuit 
board after the device is 
installed . 
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Component 



(InGaN 
Only) 

Upper and 
lower Zener 
diodes (26 
and 28 in 
FIG. IB) 
and LED 24. 



Failure Mode (s) 

Either or both 
Zener diodes 
opens or becomes 
high resistance 
and any failure 
of the LED die or 

its bond wire(s) 

and solder 

connections . 



Predicted Effect (s) of 
Failure 

The open or high 
resistance Zener diodes 
effectively remove 
themselves from the 
circuit. The failures of 
the bond wires and solder 
connections then are 
covered by rows 1 through 
3 above. If the bond 
wires or solder 
connections open or 
become high resistances, 
regardless of damage to 
th e die itself, then the 
light output will be 
reduced, possibly to 

I zero. If onl y the 
junction is damaged, then 
the analyses of rows 4 
and 5 apply- 



It is readily apparent from the varrous 
t 00381 « « table that only 

failure modes consrdered rn the ^ 

•„„ „,rrent flow through the LED, 
m easurrng current is being 

LEDs, is not suffrcrent to verrfy sor _ based 

emitted. The present invention P 

technology coupled *ith various . sensors to^ei ^ ^ 
the LED is performing as a drode^ indivld »al 

storing the current and -Itage at ea 

- S — r n."^, generally 
lineac current v - ^ depict3 this 

designated 30 rn ™. - ^ ^ ^ 

no „-linear £M ^ increa3 es in voltage. 

cur trncreasesrapd ^ ^ _ q£ . 

[0039] The pre sources that can 

mic roprocessor-„ased controller, current 

strolled by the microprocessor, analog 

that are used to read voltage inputs, and 
converters that are 
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other vital circuits that will be described below. These 
techniques allow various current values to be input to 
each LED with the corresponding voltage read back into 
the microprocessor. By selecting currents and voltages 
that are unique to the type of LEDs being used, the 
current vs. voltage relationship can be compared to the 
range acceptable for that type of LED and verification 
can be made that the LED is operating correctly and that 
light is being emitted. Because of the very low power 
consumption of the microprocessors, they can be powered 
either by relay or processor-based systems. 

[0040] FIG. 3 is an electrical schematic diagram 

that illustrates the preferred embodiment of the 
electronic circuitry, generally designated 50, for 
practicing the present invention. Input operating 

voltage is received on a pair of lines 52 and 53 at a 
surge protector 54. Surge protector 54, in turn, 

supplies power to an energy storage/limiter 56 and to a 
vital disconnect 58. The energy storage/limiter 56 

converts pulsed energy from the processor-based source to 
a steady energy capable of supplying energy to one or 
more data processors, such as microprocessors 60. 
Alternatively, a battery may be used for the energy 
storage function. Where desired, this allows the 

microprocessor to operate independently of connection to 
a power source. In all implementations, this function 
also vitally limits the current being drawn from either a 
relay or a processor-based source. This is important 
since any failure in the energy storage/limiter 56 could 
cause sufficient current to be drawn to cause the source 
to erroneously interpret that an LED was emitting light, 
when in fact, the LEDs were not energized. Vital 
disconnect 58, in turn, allows power to be transferred to 
a vital load 62. A vital power supply 64 is enabled by 
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ssor 60 transferring input power 
the microproce sor ^ ^ prQcessor 1S 

pu lse-width modulator <P« > ^ ^ failures in 

operating correctly and there plura lity of 

™ PWM 65 supplies power to P 

the LEDs. ™ M Each current source 70 75 

current sources 70-7 . ^ a pair of 

supplies current to an ^ ^ example, 

re sistors 80-91 connected xn ^ . 

curr ent source 70 supplies current 

pair of resistors 80-81. ^ ^ sends 

10041] Microprocessor 6 illust rated 

formation via an address/data ^ 

- - 3. — --Xeonnect 53, vital load 62. 
information from vital , p _ widt h modulator 65, 

vital power s"PP lies 6 ' 17 . 19 
-,0-75 and h/D converters 77 79- 
current sources ™ converter 77 

t00421 an analo g -to-di g it. J ^ ^ 

determines the analo, ' „ ith LEDs 93-98, 

respectively. */D — "J digital rem and 

voltage £ or the "^^.^ *0 over 
communicates the digital ^ ^ mu lti P lexing the 

,HHrPSs/data bus 67 , sue * 
an address/ud aeanr ^d potential at: 

digital values lor the - sured P^ ^ 

r esistor. Since the can determine the 

are nxed and k no»n, .Icroproces ^ ^ ^ ^ 

am ount of current being suppl «d ^ ^ ^ ^ the 

respective current source • fceing supplied to 

mo5t accurate determination £erably o£ lev- 

each LED 93-98, ^"J^ or C £ course, 1. 

to lera„ce, such as ♦ en perc , ^ ^ 

any LED has tailed and is no ^ ^ ^ 

potential at the determine that the 



16 



• £a ulty from the digital value o £ the potential 
LED is faulty 

supplied by A/D converter 77. similarly gathers 

a/D converter /o 
100 hout the analog voltages present at 

in£ ormation about t and provides the 

resistors 81, 83, 85, , ^ the bus 67 . 

aigital equivalent to "-reprocess ^ coprocessor 

This ,m P-vide -P-at- data ^ ^ 
„ cross-chec. on the data or other 

— A l:rrd S to litigate Potential flutes 
teehnrques, ^ ^ ^ED currents, 

that would cause errors ^ resl3tot s 

- betore, the anal g ^ o£ ^ 

81, 83, 85, 81, 8 9 and si -11 ^ ^ ^ 

current supplied by each curr ^ ^ . £ 

— tED f 9 r::-and si i: no" — — - 

aov h " £ " led ""^^ resistor .111 rise and 

voltage at the assorted ^.^ ftom 

microprocessor will date rmrne „hr h ^ 
th e digital formation supp red by A ^ ^ 

[0045] A/D converter rrec^y ^ ^ 

voltage across each ^ voltage3 to 

digital equivalents ° Micropr ocessor 60 can 

microprocessor 60 via bus - ^ ^ ^ by t „ e 

— Potential. .or example it 

£0r " ald of loo LED s3-s8 is about 3.0 volts at 2 0 
the junction o £ each ^ £oruar d 

an d « the temperature oe^re ^ ^ ^ ^ 

bl «ed .unction poten r ^ ^ 

mill ivolts per C »cr P ^ ^ ^ current 

junction temperature of eac ^ conve rter 19- 

analog voltages measured ^ sup plied by 

Microprocessor 60 can then adjust^ ^ ^ 
the respective current s ° ch ange the 

operation. Tor e*a» P le, mrcroprocess 
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pulse-width modulation at modulator 65 of the power berng 
supplied to all ourrent sources 70-75, or may 
independently customize one of the current sources 70-75 
to the desired current level. As previously mentioned, 
the junction temperature is one of the factors that 
affect the amount of light being emitted by the LEDs . 
[0046] A/D converter 79 is also used in testing of 

LEDs 93-98 to see if these LEDs conform to the diode 
current-voltage characteristic of FIG. 2. That xs, 
converter 79 monitors the forward biased junction 
potential of each of LEDs 93-98 for various current 
levels supplied by current sources 70-75, and reports the 
digital equivalents of the measured potentials to 
mi cro P rocessor 60. As another example, if any LED has 
failed, the potential at the failed LED will be well 
above the forward biased potential. A/D converter 
will convey the measured potential to microprocessor 60, 
which will then be able to determine which LED is not 
operational . 

[0047] The microprocessor 60 may consist of one or 

m ore microprocessors, depending on techniques used to 
achieve system safety. Microprocessor ( s ) 60 may be any 
suitable data processor, including microcontrollers or 
the like. Microprocessor 60 is selected to operate on 
very low power so that it may continue to operate even 
when the signal is not being illuminated. As discussed 
previously, an existing relay-based interface provides a 
continuous voltage during the off time, although the 
available current is limited sufficiently so that an 
incandescent bulb could not be illuminated, 
processor-based interfaces, a short pulse (typically one 
mi llisecond in duration) is generated approximately every 
second. This pulse is too short to illuminate an 
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incandescent bulb, but could illuminate a plurality of 
LEDs if applied directly to them. 

[0048] FIG. 4 is a flow chart, generally designated 

100, illustrating representative steps that may be 
employed by microprocessor 60 in controlling the vital 
disconnect 58 and the vital load 62; block 102 in FIG. 4. 
The vital disconnect 58 is used to vitally disconnect the 
LED lighting system, which includes the electronic 
circuitry 50 in FIG. 3, from the source voltage, thus 
presenting high impedance to the source. The vital 
disconnect 58 presents a high impedance to the source 
when the proper input is not present, as in decision 
block 103, when the microprocessor is not satisfying its 
internal safety checks, as in decision block 104, when 
the microprocessor determines that a sufficient number of 
the LEDs are not either emitting or capable of emitting 
light, as in decision block 105, or when microprocessor 
60, otherwise determines that a sufficient number of LEDs 
fail to satisfy other tests such as the criteria for the 
hot filament or cold filament tests, as in decision block 
106. 

[0049] The vital load 62 is controlled by the 

microprocessor 60 to sink sufficient current to satisfy 
the interface hot filament test requirement. This is 
necessary because the electronic circuitry 50, including 
LEDs 93-98, does not use sufficient current to satisfy 
the requirements of existing interfaces. 

[0050] FIG. 5 is a flow diagram, generally 

designated 110, illustrating representative steps that 
may be employed by microprocessor 60 in energizing, 
controlling, monitoring and testing the LEDs 93-98 of 
FIG. 3. Microprocessor 60 enables the vital power supply 
64 to generate energy used for testing and supplying 
power to LEDs 93-98, as in block 112. The vital power 
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supply 64 is enabled only when the microprocessor 60 has 
first verified that it (microprocessor 60) is performing 
properly. If so, microprocessor 60 energizes the LEDs 
with a plurality of current sources 70-75, as in block 
113, with one current source for each LED . Energization 
of the LEDs may be controlled by pulse-width modulating 
the current sources 70-75, as in block 114, allowing the 
proper average current to flow through each individual 
LED . 

[0051] The current flowing through each LED 93-98 is 

determined by measuring the voltage across resistors 80- 
91 with A/D converters 77-78, as in block 115. These A/D 
converters convert the measured analog voltages to 
digital form and multiplex the digital representations of 
the voltages to microprocessor 60, as in block 116. A/D 
converter 7 9 measures the voltage across each LED, 
converts the analog voltage to digital form and 
multiplexes the digital representations of the analog 
voltages to the microprocessor 60. Based upon the 

voltage across each LED, microprocessor 60 is able to 
determine the junction temperature of each LED 93-98, as 
in block 117. 

[0052] Microprocessor 60 then modifies the current 

supplied to each LED, if necessary or desired, as in 
block 118. For example, microprocessor 60 can modify the 
pulse-width modulation of the power provided to current 
sources 70-75 by modulator 65, or it can individually 
control any one or more of the current sources 70-75 to 
achieve the desired current level. 

[0053] Lastly, microprocessor 60 can test any of the 

LEDs 93-98 by changing the current levels for short 
periods of time to test each LED for conformance to the 
typical diode voltage-current characteristic, as in block 
119. This is accomplished by reducing the current 
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through each LED, preferably in some sequential order, by 
controlling one of the current sources 70-75. The 
selected current source is then controlled to various low 
levels of current and the resultant voltages are measured 
by the A/D converters 77-79. These various current 
levels are selected across the non-linear portion of the 
diode characteristic curve and are compared against a 
correct version of the curves stored in the memory of 
microprocessor 60. This test is done very quickly for 
each LED so that the overall illumination of the LED 
signal is not perceptible to the human eye. 

[0054] The above described measurements and tests 

may be repeated as frequently as desired. For example, 
the tests may be performed once each second. 
[0055] The foregoing tests accurately measure the 

current through each LED. The pulse-width modulation of 
the current supplied to the LEDs ensures that the proper 
average current is individually sourced to each LED. The 
average current to the LEDs is also modified in 
accordance with the junction temperature of each LED, as 
determined by microprocessor 60 from data supplied by A/D 
converters 77-79. Since LED brilliance varies in 

accordance with ambient temperature, the foregoing 
techniques also control the LEDs to provide uniform light 
output irrespective of the ambient temperature. A 
separate temperature sensor is not needed since the 
microprocessor 60 determines the junction temperature of 
each LED based upon the linear dependence of the forward 
biased junction potential of the LED with temperature. 
Microprocessor 60 compares the known junction potential 
at a reference temperature, such as 20 °C, and determines 
the current junction temperature by the difference of the 
junction potential from that at the reference 
temperature . 



21 



Ocular embodiments of the invention 
[00 561 While particular «» ^ ^ 

have been shown an. and 

those skilled xn the art inven tion 

may he made therein without departing 

in its broader aspects. 
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